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DRAFT Minutes of the Ecosystem Committee M eeting January 23-24, 1997
The Alaska Fisheries Science Center Workshop on Ecosystem Resear ch

Background

The NPFMC'’s Ecosystem Committee was formally established by the Council in June 1996 following a
recommendation by the Scientific and Statistical Committee (SSC). The SSC suggested that this group be

charged with exploring approaches to
Incorporating and disseminating  additional || £y nctions of the NPFM C Ecosystem Committee
ecological i nformat_lon and providing gwdar_meto and Some Examples of Work in Progress
the Council on policy matters. The Committees
first met in Sitka on September 1996 to discuss ® Provide aplatform for education on ecosystem topics
the role and objectives of the committee. Most v/ AFSC workshop and program review
attendees agreed that the committee could serve 5 ?A?;gg{@%h\),/\,ﬂ, Zﬁﬁzige':ngtfgurgips
as an educational forum and that the committee ’
could interact with the plan teams as well as @ Obtain additional information on N. Pacific
provide advice to the Council. The committee ecosystem
; i v traditional knowledge and wisdom

could aso st mulae Spe.c'f'c. ecosystem related v local knowledge and fisheries data
research projects and direction with regard to
spec@fic population goals for species covered in ® Develop working definition for ecosystem
the fishery management plans. management in context of NPFMC

v/ review other management schemes
Ecosystem Research Workshop v proposed definition for discussion

@ Develop policies for ecosystem-based management
In January 1997, the NPFMC’s Ecosystgm v draft policy similar to habitat policy
Committee met for a two-day workshop fn _ _
Seattle. The workshop was put on by the Alajka © Provideadvice .
. . . . v research priorities, adaptive management,

Fisheries Science Center, National Marfpe habitat
Fisheries Service, and coordinated by Patrjcia v Magnuson-Stevens Act mandates
Livingston. Committee members Dave Fluhaijfi

Chris Blackburn, and Kristen Stahl-Johnson were

present (Robin Samuelson and Linda Behnken had prior commitments), along with approximately 50 people
who attended at least one day of the workshop. The meeting was conducted based on the attached agenda.
A brief summary of each report is provided below. Copies of presentation overheads are available from the
Council office.

What Constitutesan Ecosystem? Pat Livingston (AFSC) provided an overview of ecosystem definitions,
important elements and processes, and the concept of ecosystem health. Bodkin (1990) defines an ecosystem
as “a set of interacting species and their local, non-biological environment, functioning together to sustain
life”. Structural elements of an ecosystem include inorganic substances (C, N, CO2, H20, etc.), organic
substances (proteins, carbohydrates, lipids, etc.), climate regime (temperature, rainfalbdicgrpfgreen

plants), consumers (animals), and decomposers (bacteria, fungi, protozoa). Functional elements of
ecosystems include energy flow circuits, food chains, diversity in time and space, nutrient cycles,
development and evolution, and feedback control mechanisms (cybernetics). She discussed the dichotomy
between this system-level view of ecosystems and the population-community approach to ecosystem study.
The current strategy in ecosystem research is to integrate the two approaches by studying not only the
processes influencing the distribution and abundance of organisms and the interactions among organisms but
also to study the interactions between organisms and their role in transformation and flux of energy and
matter. Studying population and community ecology is an essential aspect of ecosystem research.
Ecosystem health as a concept was discussed. The concept is useful because it provides a focus for
examining human activity and its effect on ecosystems. Defining ecosystem health is difficult, however,
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especially in systems such as the eastern Bering Seawhereit isdifficult to separate natural variability from
human-induced changes. Wearestill intheearly stagesof attemptingto find reliableindicators of ecosystem
health. This effort may require monitoring of key ecosystem attributes. Biodiversity, its definitions and
importance, were also discussed. Measurement of diversity and its changesrequiresregional scaleresearch
and monitoring. Because both perturbed and natural ecosystems are now present, efforts to maintain and
restore biodiversity need to consider the value and stability of existing ecosystems.

The focus of current ecosystem-related research efforts is to study ecosystems at a variety of levels:
population, community, and system levels. Depending on the questions being asked, this requires
examination of processesat avariety of timeand space scal es, determination of key information onimportant
populations, emphasis on trophic interactions, and understanding the effects of human activities. Presently,
much attention isbeing given to examining the effects of physical factorson biological processesand spatial
distributions of key marine species.

Fisheries-Oceanography Coordinated I nvestigations (FOCI) Rick Brodeur (AFSC) reviewed research
investigations conducted under the FOCI program. FOCI was established in 1984 to gain an understanding
of recruitment mechanisms of walleye pollock. The initial studies focused on pollock recruitment in the
Shelikof Strait population of the GOA with an aim to understanding the physical and biological process
which affect survival. Studies were conducted to determine spatial distribution of spawners and eggs,
vertical distributions and mortality of the various life stages, trophic interactions, and finally development
of biophysical models and management advice viastock projections. The Bering Sea FOCI program began
in 1991 and focuses on stock structure and recruitment of walleye pollock in the Bering Sea. Many of the
studies conducted in the GOA were continued in the BS but several new studies were initiated, including
those on stock structure and onshore transport of eggs and larvae. Studies have examined differential
survival of eggs and larvae over the Bering Sea slope and shelf, noting a coincidence of high concentration
of larvae in eddies.

Rick also reported on the Southeast Bering Sea Carrying Capacity (SEBSCC) research program, which was
established in 1996 and will run through the year 2001. A magjor research project under the SEBSCC
program is to examine the distribution and ecology of juvenile pollock near tidal fronts at the Pribilof
Islands. The presence of these fronts, which contain high densities of juvenile pollock and their predators
in some years, may haveimpacts on juvenile pollock survival. Underwater examination by ROV indicated
that juvenile pollock were associated with jellyfish, which may provide shelter for these pollock during the
day and hence enhance survival. Resultswere also presented on another SEBSCC proj ect which examined
the distribution and species and habitat associations of forage fish, including juvenile pollock, in the Bering
Seafrom Russian and NMFS surveys going back to 1982. The overall distribution and diversity of forage
fish available in various locations was contrasted between warm and cold years on the eastern Bering Sea
shelf.

Pinniped Research Program Tom Loughlin (NMML) gave the group an overview of research conducted
to understand declines of Steller sealions and northern fur seals. Research on Steller sealions hasincluded
foraging and food habit studies, physiology studies, prey surveys, and studies of other possible impacts
(disease, contaminants, reproductive failure, predation, etc.). The decline of Stellers is chronic and
widespread, and it appearsthat juvenile survival isthe primary problem. Possible causes of the decline could
be emigration, predation, harvest, pollution, disease, takes in fisheries, or changes in prey availability.
Careful evaluation of these possible causes suggeststhat changesin prey availability is perhaps the biggest
culprit. Food habit studies haveindicated that diet has changed during the course of the decline by becoming
more simplified and morefocused on pollock or Atkamackerel. Primary prey areeither small (<30 cm) mid-
water schooling fish or various small demersal fishes. Juvenile diets appear more restricted that adults, and
diet diversity is directly correlated with the amount of sea lion decline. That is, the largest declines have
occurredin areaswith fewer prey speciesavailable. Stellersnow rely primarily on pollock, rather than other
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higher energy foods such as capelin. Studies using telemetry (satellite transmitters) have shown that young-
of-the-year Steller sealionsdo not range very far for food, and have limited diving capacity (<50 m). Hence,
prey availability near rookeries and haulouts may be very important for survival.

Northern fur seal is another species of concern and focus of considerable research. The northern fur seal
population began to decline in the mid-1970’s for reasons that are not apparent. The two main breeding
islands have shown different trends, with St. Paul 1sland showing stable pup production since the early
1980’s, whereas the St. George Island pup production continued to decline until only recently. A new
population of fur seals was established at Bogoslof Island in 1983 and has grown rapidly. Studies have
focused on various aspects of the northern fur seal in relationship to its pelagic ecosystem. Foraging
behavior studies using satellite transmitters have shown that these animalsrange far in search of food. Two
typical diving patterns have been found for foraging behavior of lactating female fur seals. Shallow divers
diveto 20-75 m at night feeding on pelagic prey. Deep divers dive 75-150 m throughout the day and night
feeding near the shelf bottom. Many females combine these patterns when moving from deep to shallow
water. Interestingly, fur seals from St. Paul appear to forage to the north and west, while those from St.
George forage to the south and east of the island. Scat analysis indicates that juvenile pollock is the most
common prey of fur sealsfrom St. Paul. Fur sealsfrom St. George consume a combination of pollock and
squid.

The 1994 amendmentsto the Marine Mammal Protection Act (MMPA) provided for aBering SeaEcosystem
Study Plan, which will provide for increased involvement of Alaska nativesinto ecological research. Once
funded, research may begin in 1998.

Seabird Status and Research Vivian Mendenhall (USFWS) reviewed the status of seabirds and the
importance of prey availability to seabird survival. In general, fish eating seabird populationsin the Bering
Sea are stable, following a decline of several species (red-legged and black-legged kittiwakes, thick-billed
murres) through theearly 1980’s. M ost seabird popul ationsarelimited by prey availability near nesting sites,
particularly for those seabirds that are surface feeders. Some birds are able to make long forays (e.g., thick
billed murresforage out to 100 km), whereas othersremain closer to land in search of prey. Prey availability
depends on fish stock size, local sea conditions (surface temperature, upwelling, etc.), and distribution.
Energy content of forage fish varies greatly (20 fold), with myctophids and eulachon having the highest
energy density, and cod and pollock thelowest. Hence, pollock may beunableto sustain successful breeding
of some seabird species (except puffins). Effects of forage fluctuations on seabird populations vary with
seabird species, depending on itsforaging strategy, breeding strategy, and adaptability. Threatsto seabirds
include oil spills, logging (old growth required for murrelet nesting), predators (foxes, rats), tourism
disturbance, bycatchinfishinggear, fishery waste discharges (may increase some popul ationsof competitors
or predators), and localized fishery removals of prey. Severa research projects are ongoing to help
understand seabird ecology. The Seabird, Marine Mammal, and Oceanography Coordinated Investigations
(SMMOCI) project is examining the relationship of seabird population trends to forage fish biomass near
colonies. The Alaska Predator Ecosystem Experiment (APEX) project is examining the relationship of
seabird populationsin the northern Gulf of Alaskato the availability of foragefish, including the influences
of oceanography, forage fish selection by birds, and fish carcass composition. The PICES-GLOBEC
International Program on Climate Change and Carrying Capacity project is international and multi
disciplinary in nature.

Habitat Research Bob McConnaughey (AFSC) provided an overview of some habitat research being
conducted by the AFSC. Habitat can be considered asthe biotic-abiotic interface. Thisview isacomposite
of several terms including habitat (physical locality), ecological niche (environmental conditions), and
biotope (location plus environmental conditions suitable for particular species). A few general principles
underlie much of habitat (actually biotope) research: (1) a single speciesis not ubiquitous, thus habitat is
restrictive; (2) aspeciesisnot uniformly distributed throughout its area of occurrence, thus habitat quality
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varies; and (3) there is significant temporal variability in habitat quality and location. In general, fish
abundance reflects habitat quality. Because fish are able to select habitat, the best habitat is occupied first
and at the highest density, while marginal areas are eventually occupied in responseto crowding . As such,
relative abundance is a reasonable first approximation of habitat quality. Current research includes
environmental data collection, habitat characterization, environmental impacts of fishing, and analysis of
community ecology. New technology (acoustic bottom typing, laser line systems and GIS) may alow for
much improved data collection and analysis. Acoustic bottom typing enables passive collection of seafloor
attributes during fishing and/or survey operations. Laser line systems function much like atowed camera
system but it is useable in somewhat more turbid conditions. Habitat characterization research has focused
on identifying limits and preferences of fish species, incorporating the effects of population size and
describing associations with surface sediments. An investigation into the environmental impacts of bottom
trawling inthe Bering Seawasinitiated | ast year. Comparison of heavily fished and unfished areasin Bristol
Bay will assess chronic exposure effects. Experimental trawling in unfished areasin 1997 and beyond will
provide information on acute exposure effects and the recovery process will be monitored. These studies
will enable resource managers to evaluate the efficacy of time-area closures in soft-bottom areas. Similar
studies are being conducted in harder bottom areas of the Gulf of Alaska using a submersible and video
assessment technology. Additional planned studiesinclude aretrospective analysisfor the Gulf and afield
study of trawl impacts in gorgonian coral habitat in the Aleutians. Potential changes in Bering Sea
community ecology will be examined by comparing current fish assemblages with those identified in an
earlier (1982) study. Various habitat research bottlenecks were discussed. These include the limited
seasonal coverage of datacollection, the general paucity of environmental data, frequently inconsistent data
formats and potentially high data processing costs (e.g., infaunaand video). There are additional resource
constraints related to manpower and short-term funding cycles.

Essential Fish Habitat Cindy Hartmann (NMFS) briefed thegroup on Magnuson-StevensAct requirements
regarding essential fish habitat (EFH). As definadder the Act, EFH is “those waters and substrate
necessary to fish for spawning, breeding, feeding, or growth to maturity”. NMFS has developed a framework
for guidelines to describe, identify, conserve, and

enhance EFH. Comments on the Proposed Rulg are _ _

due February 12, 1997. As proposed, EFH is| rEQR0sed hierarchical approach to EFH.

amount of habitat necessary to maintain a mang Z:; H;sence’e?bs:ggedqta i :
species at a target production level (not evel . Itat-retated densities of species

default=MSY). EFH will be defined for each lifd-€v&l 3. Habitat-related growth, reproduction,
history stage and will be presented in the FMP inthe or survival rates by habitat

form of text, tables, and maps. Information useflt§V€ 4 Production rates by habitat
determine EFH will be based on a hierarchical

approach depending on data availability.

Resour ce Ecology and Ecosystem M odeling Pat Livingston (AFSC) briefed the group on resource ecology

and ecosystem modeling activities underway at the Science Center. Food habits data are collected from the
dominant groundfish species in the eastern Bering Sea, Gulf of Alaska and Aleutian Islands regions. This
sampling provides information on geographic distribution of prey, prey size composition, and diet
composition by season, size, and sex. Geographic information may be particularly valuable when survey data
are limited (e.g., capelin). These data are used to estimate the impacts of groundfish predation on species
that are important to fish, birds, marine mammals, and fisheries. Information generated from single species
can be brought together into a multi-species synthesis, giving estimates of diet similarity and habitat use by
species, time series of groundfish predation mortality, marine mammal and seabird consumption, and
providing insights into food web interactions and ecosystem change indicators. Pat has found that the food
web in the Bering Sea has some differences from the Gulf of Alaska food web. For example, although
walleye pollock are a dominant component of each system, pollock are highly cannibalistic in the BS, but
not in the GOA. In general, the pelagic portion of thedf webs the Bering Sea, Gulf of Alaska, and
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Aleutian Islands is relatively separate from the demersal, inshore food webs. Multi-species modeling
providesboth retrospectiveinformation (predation mortality, recruitment estimates, historical biomasslevels,
etc.) and projections into the future (long-term effects of fishing strategies such as mesh size changes on
multiple species or differential exploitation rates, effects of environmental change, and a guide to future
research directions). Data gaps for multi-species forecast modeling include: information on the seasonal
distribution, movements, and diet of groundfish.

I ncor por ating Predation and Climatic Effectsinto Stock Assessments AnneHollowed (AFSC) provided
an overview of incorporating predation and environmental information into stock assessment modeling.
Food habit research providesinformation on daily rations, size, age and weight of prey, and annual estimates
of consumption. Predators are incorporated into the assessment by modeling them as fisheries. For GOA
pollock, studies have shown that arrowtooth flounder tend to be selective for age 1 pollock, and sealionsare
selective for age 2+ pollock, whereas halibut tend to eat older pollock (3+). Thereisannual variability in
the age composition of pollock consumed by predators, because of fluctuations in year class strength of
pollock. This information coupled with information on the time series of predator abundance can then be
used to estimate age specific mortality of pollock dueto predation by various predators. Additional research
on recruitment process of GOA pollock with the FOCI program has also proven to be useful in stock
assessments. Information on environmental conditions during each early life history stage (eggs, larvae,
juveniles) can be scored and tallied to providefairly accurate predictions of year-class strength. Simulation
modeling of the GOA pollock stock using stochastic recruitment at age 3 has provided estimation of
probabilities of falling below threshold (defined as 20% of the unfished spawner biomass). The element of
risk can thus explicitly incorporated into the plan teams ABC recommendation, as was the case in 1993.

Incor porating Ecological Information into Stock Assessment and M anagement Advice Lowell Fritz
(AFSC) reviewed how oceanographic information is being incorporated into projections of Eastern Bering
Sea (EBS) pollock recruitment, and analysis of fishery and Steller sealion interactions. Pollock year-class
sizeisvariableinthe EBS. Ingeneral, recruitment has been reduced at very high stock sizes. One hypothesis
isthat because pollock are cannibalistic in the EBS, large year-classes result when there is a high degree of
gpatial separation between adults and juveniles. There does appear to be some rel ationship between spatial
separation and year-class strength, and this separation appearsto belinked to larval drift. Computer models
indicate that surface flows during April-July of years producing large pollock year-classes (1978, 1982, and
1989) pushed larvae into the inner and middle shelf areas of northern Bristol Bay, and away from the adult
population on the outer shelf. Small year-classes are produced when larvae are not greatly dispersed away
from outer shelf spawning areas. Thistechnique providesinsightsinto year-classstrength well beforeit can
be estimated by trawl survey data.

A review of fishery datahasyielded insightsinto temporal-spatial considerationsfor fishery and Steller sea
lion interactions. Trawl exclusion zones were established in 1992 around sea lion rookeries along the
Aleutian Islands and Alaska Peninsula. Combined with the closure of the Bogoslof areato conserve Donut
hole pollock, there was a significant redistribution of effort onto the Bering Sea shelf areanorth of Unimak
Island, which contains critical habitat for Steller sea lions. The amount of pollock taken within critical
habitat has increased since the mid-1980's, such that almost 70% of the total BSAI pollock catch was taken
from these areas in 1995. Another study examined localized depletion of Atka mackerel in the Aleutian
Islands. The fishery takes place in very small discrete areas, most of which are within the 20 nm critical
habitat areasaround Steller sealion rookeriesand haulouts. Analysisof fishery catch-per-unit-effort (CPUE)
dataindicate that localized depletion of Atkamackerel, amajor food source for sealions, can occur in these
areas. These types of analyses are useful to managers considering ways to mitigate possible impacts of
fisheries on Steller sealions and refine previous management actions.

Overview of Ecosystem-Based Management Principles Dave Witherell (NPFMC) provided a brief
overview of theliterature on marine ecosystem-based management. Asdefined by the Ecological Society of
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America, ecosystem management is “management driven by explicit goals, executed by policies, protocols,
and practices, and made adaptable by monitoring eseharch based on our best understanding of the
ecological interactions and processes necessary to sustain ecosystem composition, structure, and function”.
In more general terms, ecosystem-based management is shorthand for a more holistic approach, which
focuses more on maintaining system integrity rather than maximizing extraction of certain resources.

A number of management measures previoudlgpted by the Council encompass ecosystem-based
management principles (e.g., establishing a 2 million mt optimum yield cap, spatial and temporal allocation
of groundfish harvest, incorporation of risk aversion and uncertainty, establishment of no-trawl zones, etc.).
Since 1984, the Council’'s #1 comprehensive management goal (NPFMC 12/7/84) is to conserve fishery
resources, maintain habitats, and give full consideration for interactions with other elements of the
ecosystem. The Council has also had a comprehensive policy on habitat since 1988. The objectives of this
policy are to maintain the current quantity and productive capacity of habitats, and restore and rehabilitate
any habitats previously degraded.

The principles and elements o
ecosystem management were identifigdl Working Definition for Ecosystem-Based M anagement
in five published papers (Grumbing in the Context of the NPFM C - January 1997
1994, USFWS 1994, Mangle et al
1995, Christiansen et al. 1996, Larkif§| Definition: Ecosystem-based management, as defined by the NPFMC, is
| astrategy to regulate human activity towards maintaining long-term
1996). The concept of ecosystenfi o o 'd\ inability (within the range of natural variability as we
based management includes the ynderstandit) of the North Pacific, covering the Gulf of Alaska, the
elements of sustainability, goals]| Eastern and Western Bering Sea, and the Aleutian Islands region.

ecological models and understandingj . . B

complexity, dynamic character, contex Objective: Provide future generations the opportunities and resources we
. enjoy today.

and scale, adaptability, and humans

ecosystem components. A workinJs Principles:

definition for ecosystem-based| 1. Maintain biodiversity consistent with natural evolutionary and

management in the context of the Nort} , :/ICO!Otgi_Ca' D;OC:SSG& ki]gg[ltJ:ti ng dyntal;ifc C?asnhge ??hvariability.

e H H . antan and restore Itals essentl or Tisn an elr prey.
Pacific Fishery Manag.ement Co_unC| 3. Maintain system sustainability and sustainable yields of Fe:gurces
was proposed and discussed in tHe for human consumption and non-extractive uses.
workshop group. The working]| 4. Maintain the concept that humans are components of the ecosystem.
definition, as revised, is shown in th o
adjacent box; additional changes m;,( Guidslines:

be made in the future. 1. Integrate ecosystem-based management through interactive

partnerships with other agencies, stakeholders, and public.
2. Utilize sound ecological models as an aid in understanding the
Other Discussion structure, function, and dynamics of the ecosystem.

The group discussed the proposd 3 Utilizeresearchand monitoring to test ecosystem approaches.
e . UNT 4, Use precaution when faced with uncertainties to minimize risk;
essential fish habitat (EFH) guidelineg

.l management decisions should err on the side of resource
It was noted that the definition of EFH Congvaion_

was habitat required for targe
production levels; many thought thiq| Understanding:
was extremely vague and highly 1. Human population growth and consequent demand for resourcesis

. . inconsistent with resource sustainability.
discretionary. Spme present werp 2. Ecosystem-based management requires time scales that transcend
concerned that this is another unfundgd human lifetimes.
mandate, that will take staff time away| 3. Ecosystems are open, interconnected, complex, and dynamic; they
from other, more useful projects transcend management boundaries.
Additional funding should be made
available if this is a priority project.
As a way to save time and money, it was suggested that as a first step, a matrix of presence/absence of

information be constructed. Such an information matrix table could have life history stage as columns, with

=
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each row a separate species. A simple check would indicate if the information was already available. It was

felt that this table would help identify where data were available that could be subsequently analyzed and

where datawere lacking and new research is needed. It could also serve asabasisfor setting priorities and

new funding initiatives. It was suggested that critical habitat was more important than essential habitat, as

these might be morediscrete areasfor managerstoidentify and protect. Another thought wasthat identifying

“sensitive habitat” more vulnerable to impacts (attached invertebrates and plants) might be more useful than
essential fish habitat for individual fish species. Another suggestion was to use existing closure areas as first
approximation of critical habitat for herring, red king crab, hair crab, and halibut. One could also consider
the “threats” and define what is the risk. NMFS staff is planning an informal session to discuss proposed
EFH guidelines on the evening of February 5.

It was agreed that the ecosystem committee should meet on an informal basis during Council meetings to
generate additional discussion and public involvement. An informal meeting of the Ecosystem Committee
has been scheduled for 7 p.m. on Thursday, February 6 at the Anchorage Hilton Hotel. The group expressed
its appreciation to Pat Livingston for coordinating an excellent workshop, and to all the speakers for their
presentations.

Attendance List:

Dave Fluharty (committee chair) Dan Nichol

Chris Blackburn (committee member) John Roos
Kristen Stahl-Johnson (committee member) Jude Henzer
Dave Witherell (staff) Connie Sathre
Gordon Kruse (advisor) Ann Hollowed
Pat Livingston (workshop coordinator) Ed Casillas
Clarence Pautzke Dan Waldeck
Doug DeMaster Gretchen Harrington
Warren Wooster Michiyo Shima
Tamra Faris Craig Rose
Lowell Fritz Tiana Honkal ehto
Chuck Fowler Fred Munson

Ole Mathisen Jeff Fujioka
Richard Brodeur Sandra Lowe

Sue Hills Loh-lee Loh

Hal Weeks Jimlanelli
Richard Ferrero Tom Wilderbuer
Bob McConnaughey Tom Loughlin
Vivian Mendenhall Ross Anderson
Andrew Trites John Field
Lennie Gorsuch Eric Weissmen
Ken Adams Mark Weissmen
Eric Swenson Rich Marasco
Jerry Brennan

Gordon Blue ~5 unidentified persons

Richard Merrick

Note: Please contact Dave Witherell (NPFMC staff) if you wish to obtain additional information, ecosystem-based
management bibliography, or copies of presentation overheads. The Ecosystem Committeeis seeking information and
informal advice on how to obtain traditional ecological knowledge and wisdom as well as the experience and insights
of local persons and other fishermen. Please submit these suggestions in writing to Dave W.

NPFMC Ecosystem Committee Minutes 8 January 1997



Bibliography
Bering Sea Ecosystem-based M anagement

[additional contributions are appreciated]

Alpert, P. 1995. Incarnating ecosystem management. Cons. Biol. 9: 952-955.
Apollonio, S. 1994. The use of ecosystem characteristics in fisheries management. Reviewsin Fisheries Science 2(2): 157-180.

Baker, D.J. 1996. What do ecosystem management and the current budget mean for federally supported environmental research?
Ecological Applications 6(3):712-715.

Bakun, A. 1994. A dynamical scenario for simultaneous “regime-scale” marine population shifts in widely separated LMEs of the
Pacific. Paper contributed to the International Symposium on Assessment, Yield, and Long-term Sustainability of Large
Marine Ecosystems of the Pacific. Qingdao, China, 10-14 October, 1994.

Balsiger, J. 1995. Workshop Report: Bering Sea Ecosystem Study. Anchorage Alaska; November 2-3, 1995.

Bax, N.J., and T. Laevastu. 1990. Biomass potential of large marine ecosystems: a systems approach. In: K. Sherman, A.M.
Alexander, and B.D. Gold [ed.]. Large Marine Ecosystems: Patterns Processes and YieldpubhgsSion. 242 p.

Beattie, M. 1996. An ecosystem approach to fish and wildlife conservation. Ecological Applications 6(3): 696-699.

Broches, C.F., and M.L. Miller. 1993. Concept paper on socio-economic and policy components of ecosystem management. Draft
8-93.

Brown, R.S., and K. Marshall. 1996. Ecosystem management in state governments. Ecological Applications 6(3): 721-723.

Carpenter, R.A. 1995. A consensus among ecologists for ecosystem management. Bulletin of the Ecological Society of America
161-162.

Carpenter, S.R., J.F. Kitchell, and J.R. Hodgson. 1985. Cascading trophic interactions and lake productivity. Biod€ignce 35(
634-639.

Christensen, N.L., and 12 others. 1996. The report of the Ecological Society of America committee on the scientific basis for
ecosystem management. Ecological Applications 6(3): 665-691.

Collie, J.S. 1991. Adaptive strategies for management of fisheries resources in large marine ecosystems. p. 227-24thém K. Sh
L.M. Alexander, and B.D. Gold [ed.], Food Chains, Yields, Models, and Management of Large Marine Ecosystems.
Westview Press.

Cooperrider, A.Y. 1996. Science as a model for ecosystem managemeated@rproblem? Ecological Applications 6{36-
737.

Costanza, R. 1993. Developing ecological research that is relevant for achieving sustainability. Ecological Appligat@8s 3(4
581.

DesJardine, R.L., T.K. Gorenflo, R.N. Payne, and J.D. Schrouder. 1995. Fish-community objectives for Lake Huron. Great Lakes
Fishery Commission Special Publication 95-01. 38 p.

Dombeck, M.P. 1996. Thinking like a mountain: BLM’s approach to ecosystem management. Ecological Applications 6(3): 699-
702.

Eikeland, P.O. 1993. Distributional aspects of multi-species management. Marine Policy (7): 256-271.
Fogarty, M.J. 1995. Chaos, complexity and community management of fisheries: an appraisal. Marine Policy 19(5): 437-444.

Fritz, LW., R.C. Ferrero, and R. Berg. 1995. The threatened status of Steller sea lions, Eumetopias jubias, underettegl Endang
Species Act: Effects on Alaska groundfish management. Marine Fisheries Review 57(2): 14-27.

NPFMC Ecosystem Committee Minutes 9 January 1997



Garcia, S.M. 1995. The precautionary approach to fisheries and implicationsfor fishery research, technology and management: An
updated review. p. 1-76, In: FAO Fisheries Technical Paper. No. 350, Part 2. Rome, FAO. 1996. 210 p.

Goni, R., H. Hartmann, and K. Mathews. 1993. Groundfish fisheries and dynamics of the northeastern pacific ecosystems. A repart
to Greenpeace. March 31, 1993. 56 p.

Goodman, SW. 1996. Ecosystem management at the department of defense. Ecological Applications 6(3): 706-707.

Griffis, R.B., and K.W. Kimball. 1996. Ecosystem approachesto coastal and ocean stewardship. Ecological Applications6(3): 708-
712.

Grumbine, R.E. 1994. What is ecosystem management? Conservation Biology 8(1): 27-38.

Haeber, R., and J. Franklin. 1996. Perspectives on ecosystem management. Ecological Applications 6(3): 692-693.

Hamre, J. 1991. Interrelation between environmental changes and fluctuating fish populations in the Barents Sea. P. 259-270.1n
T. Kawasaki, S. Tanaka, Y. Toba, and A. Taniguchi [ed.] Long term variability of pelagic fish populations and their

environment. Pergamon Press, Tokyo. 402 p.

Hartig, JH., D.P. Dodge, D. Jester, J. Atkinson, R. Thoma, and K. Cullis. 1996. Toward integrating remedia action planning and
fishery management planning of Great Lakes areas of concern. Fisheries 21(2): 6-13.

Heissenbuttel, A.E. 1996. Ecosystem management -- Principlesfor practical application. Ecologica Applications 6(3): 730-732.
Hilborn, R.M., and D. Ludwig. 1993. The limits of applied ecological research. Ecologica Applications 3(4): 550-551.

Hilborn, R.M., and R.M. Peterman. 1996. The development of scientific advice with incomplete information in the context of the
precautionary approach. p. 77-102. In: FAO Fisheries Technica Paper. No. 350, Part 2. Rome, FAO. 1996. 210 p.

Holling, C.S. 1993. Investing in research for sustainability. Ecological Applications 3(4): 545-546.

Holling, C.S. 1996. Surprise for science, resilience for ecosystems, and incentivesfor people. Ecological Applications 6(3): 733-
735.

Holling, C.S., and G.K. Meefe. 1996. Command and control and the pathology of natural resource management. Conservation
Biology 10(2): 328-337.

Huppert, D.D. 1996. Risk assessment, economics, and precautionary fishery management. p. 103-128. In: FAO Fisheries Technical
Paper. No. 350, Part 2. Rome, FAO. 1996. 210 p.

ICES (International Council for the Exploration of the Sea). 1995. Report of the study group on ecosystem effects of fishing
activities. 1CES Cooperative Research Report No. 200.

Incenze, L., and J.D. Schumacher. 1986. Variability of the environment and selected fisheries resources of the eastern Bering Sea
ecosystem. p.109-143 In K. Sherman and L.M. Alexander [ed.] Variability and management of large marine ecosystems.
AAAS Selected Symposium 99.

Keiter, R.B. 1996. Toward legitimizing ecosystem management on public domain. Ecologica Applications 6(3): 727-730.

Kirkwood, G.P.,and A.D.M. Smith. 1996. Assessingtheprecautionary nature of fishery management strategies. p. 41-158. In: FAO
Fisheries Technical Paper. No. 350, Part 2. Rome, FAO. 1996. 210 p.

Lackey, R.T. 1995. Ecosystem management: implications for fisheries management. Renewable Resources Journal 13(4): 11-13.

Lackey, R.T. 1995. Ecosystem health, biological diversity, and sustainable development: research that makes a difference.
Renewable Resources Journal 3:8-13.

Lackey, R.T. 1995. Seven pillars of ecosystem management. The Environmental Professional 17(4).
Larkin, P.A. 1996. Concepts and issuesin marine ecosystem management. Reviewsin fish Biology and Fisheries (6): 139-164.

Levin, SA. 1993. Science and sustainability. Ecological Applications 3(4): 545-546.

NPFMC Ecosystem Committee Minutes 10 January 1997



Livingston, P.A., L-L. Low, and R.J. Marasco. 1994. Eastern Bering Sea Ecosystem Trends. Unpublished paper presented at the
Symposium on Large Marine Ecosystems of the Pacific. October 11, 1994. Qingdao, China.

Livingston, P.A. 1993. Importance of predation by groundfish, marine mammals and birds on walleye pollock Theragra
chalcogramma and Pacific herring Clupea pallasi in the Bering Sea. Mar. Ecol. Prog. Ser. 102: 205-215.

Livingston, P.A. 1995. The trophic interactions program: improving multispecies models using a data-based approach. AFSC
Quarterly Report (3): 1-6.

Ludwig, D. 1993. Environmental sustainability: magic, science, andreligioninnatural resources. Ecological Applications3(4): 555-
557.

Malone, C.R. 1995. Ecosystem management: statusof the Federal initiative. Bulletin of the Ecological Society of America158-161.

Mangle, M., R.J. Hofman, E.A. Norse, and J.R. Twiss, Jr. 1993. Sustainability and ecological research. Ecological Applications
3(4): 573-575.

Mangle, M., and 41 others. 1996. Principles for the conservation of wild living things. Ecological Applications 6(2): 338-362.

Mathisen, O.A., and K.O. Coyle. (editors). 1996. Ecology of the Bering Sea: A Review of Russian Literature. Alaska Sea Grant
College Program Report No. 96-01, University of Alaska Fairbanks.

Mehan, G.T. 1. 1996. Ecosystem management in the Great Lakes basin. Fisheries 21(4):12-13.

Merculieff, L. 1994. Establishing rapport between indigenous coastal cultures and the Western scientific community. p. 29-35In:
D.G. Shaw [ed.] 1994. Proceedings of the Fourth International Symposium of the conference of Asian and Pan-Pacific
University Presidents. Alaska Sea Grant College Program, University of Alaska Fairbanks.

Meslow, E.C. 1993. Spotted owl protection: Unintentional evolutiontoward ecosystem management. Endangered SpeciesUPDATE
10 (3-4): 33-38.

Meyer, JL., and G.S. Helfman. 1993. The ecological basis of sustainability. Ecological Applications 3(4): 569-570.

Meyer, JL., and W.T. Swank. 1996. Ecosystem management challenges for ecologists. Ecological Applications 6(3): 738-740.
Miller, G. 1996. Ecosystem management: Improving the endangered species act. Ecological Applications 6(3): 715-717.
Mooney, H.A., and O.E. Sala. 1993. Science and sustainable use. Ecologica Applications 3(4): 564-565.

Morrisey, W.A. 1996. Science policy and federal ecosystem-based management. Ecologica Applications 6(3): 717-720.
National Research Council. 1996. Bering Sea Ecosystem Study. National Academy Press, Washington, D.C.

Nicol, S., and W. delaMare. 1993. Ecosystem management and the Antarctic krill. American Scientist 81: 36-47.

NPFMC Groundfish Plan Teams. 1994. Ecosystems Considerations 1995. North Pecific Fishery Management Council, Anchorage
Alaska.

NPFMC Groundfish Plan Teams. 1995. Ecosystems Considerations 1996. North Pacific Fishery Management Council, Anchorage
Alaska.

NPFMC Groundfish Plan Teams. 1996. Ecosystems Considerations 1997. North Pacific Fishery Management Council, Anchorage
Alaska.

Parsons, T.R. 1993. Theremoval of marine predators by fisheries and the impact of trophic structure. Marine Pollution Bulletin.
P 51-53.

Pitelka, L.A., and F.A. Pitelka. 1993. Environmental decision making: multidimensional dilemmas. Ecological Applications 3(4):
566-568.

Pitcher, T.J. 1994. Stewardship and sustainability of Pacific fishery resources: the need for critical insight and an encyclopedia of

ignorance. p. 5-27 In: D.G. Shaw [ed.] 1994. Proceedings of the Fourth International Symposium of the conference of
Asian and Pan-Pacific University Presidents. Alaska Sea Grant College Program, University of Alaska Fairbanks.

NPFMC Ecosystem Committee Minutes 11 January 1997



Platt, D.D. (editor). 1993. The Systeminthe Sea: Applying EcosystemsPrinciplesto MarineFisheries. Island I nstitute Conference
Proceedings, Rockland, Maine.

Policansky, D. 1993. Uncertainty, knowledge, and resource management. Ecological Applications 3(4): 583-585.

Potter, M. (editor). 1994. Ecosystem-based Management Strategy of the Oregon Department of Fish and Wildlife. ODFW Review
Draft.

Quinn, T.J. 1, and H.J. Niebauer. 1995. Relation of eastern Bering seawalleye pollock (Theragra chal cogramma) recruitment to
environmental and oceanographic variables. p. 497-57. In R.J. Beamish [ed.] Climate change and northern fish
populations. Can. Spec. Publ. Fish. Aquat. Sci. 121.

Reichman, O.J., and H.R. Pulliam. 1996. The scientific basis for ecosystem management. Ecological Applications 6(3): 694-696.

Reynoldson, T.B. 1993. The development of ecosystem objectives for the Laurentian Great Lakes. Journal of Aquatic Ecosystem
Health 2: 81-85.

Ringold, P.L., J. Alegria, R.L. Czaplewski, B.S. Mulder, T. Tolle, and K. Burnett. 1996. Adaptive monitoring design for ecosystem
management. Ecological Applications 6(3): 745-747.

Rosenberg, A.A., M.J. Fogarty, M.P. Sissenwine, J.R. Beddington, and J.G. Sheperd. 1993. Achieving sustainable use of renewable
resources. Science (262): 828-829.

Rosenberg, A.A., and V.R. Restrepo. 1996. Precautionary management reference points and management strategies. p. 129-140.
In: FAO Fisheries Technical Paper. No. 350, Part 2. Rome, FAO. 1996. 210 p.

Salwasser, H. 1993. Sustainability needs more than better science. Ecological Applications 3(4): 587-589.

Schramm, H.L., Jr., and W.A. Hubert. 1996. Ecosystem management: Implications for fisheries management. Fisheries21(12): 6-
11.

Sissenwine, M.P., and A.A. Rosenberg. 1993. Marinefisheriesat acritical juncture. Fisheries 18(10): 6-14.

Smith, T.D. 1995. United States practice and the Bering Sea: is it consistent with anorm of ecosystem management? Ocean and
coastal Law Journal (1): 141-186.

Stanford, J.A., and G.C. Poole. 1996. A protocol for ecosystem management. Ecological Applications 6(3): 741-744.
Stanley, T.R. 1995. Ecosystem management and the arrogance of humanism. Conservation Biology 9(2): 255-262.

Stephenson, R.L., and D.E. Lane. 1995. Fisheries management science: apleafor conceptual change. Can. J. Fish. Aquat. Sci. 52:
2051-5056.

Thomas, JW. 1996. Forest service perspective on ecosystem management. Ecological Applications 6(3): 703-705.

Walters. C.J. 1992. Perspectiveson adaptive policy designin fisheriesmanagement. In: SK. Jainand L.W. Botsford [ed.], Applied
Population Biology, 249-262.

Walters, C.J., and J.S. Collie. 1988. Isresearch on environmental factors useful to fisheries management? Can. J. Fish. Aquat. Sci.
45: 1848-1854.

Ward, T.J,, and C.A. Jacoby. 1992. A strategy for assessment and management of marine ecosystems: baseline and monitoring
studiesin Jarvis Bay, atemperate Australian embayment. Maine Pollution Bulletin 25: 163-171.

Wilson, JA., JM. Acheson, M. Metcalfe, and P. Kleban. 1994. Chaos, complexity and community management of fisheries. Maine
Policy 18(4): 291-305.

Wooster, W.S. 1994. North Pacific ecosystems: A PICES priority. p. 111-115In: D.G. Shaw [ed.] 1994. Proceedingsof the Fourth
International Symposium of the conference of Asian and Pan-Pecific University Presidents. Alaska Sea Grant College
Program, University of Alaska Fairbanks.

Yaffee, S.L. 1996. Ecosystem management in practice: Theimportance of human institutions. Ecological Applications 6(3): 724-
727.

NPFMC Ecosystem Committee Minutes 12 January 1997



